Society of Academic Emergency Medicine, 2 Society of Ultrasound in Medical Education, 3 and Alliance of Medical School Educators in Radiology. 4 Medical students and other trainees at these institutions are taught the point-of-care or clinical ultrasound model, which is distinct from the traditional model involving sonographers to perform image acquisition and radiologists or specialists to perform interpretation. In point-of-care ultrasound, clinicians perform focused ultrasound examinations to answer a clinical question and use their findings in realtime patient care. 5 Clinical ultrasound training draws heavily from the specialty of emergency medicine, which has trained residents to perform bedside ultrasound examinations for more than 2 decades. In the process, a large body of research has been generated, showing high accuracy in diagnosis of many acute conditions. [6] [7] [8] [9] [10] [11] [12] [13] [14] Many studies document reductions in patient lengths of stay 15, 16 as well as overall costs and reductions in radiation exposure with ultrasound. 17, 18 In addition, ultrasound guidance in procedures such as central venous catheterization 19 and paracentesis 20 has led to substantial increases in patient safety, leading the Agency for Healthcare Quality and Research to recommend its use. This recommendation has led the AIUM, the largest multispecialty organization promoting ultrasound, to endorse these training guidelines, 21 with Accreditation Council for Graduate Medical Education-based milestones being created in emergency medicine 22 and critical care 23 to address ultrasound competency.
Rationale for Ultrasound Education in the Medical School Curriculum
Incorporating ultrasound into undergraduate medical education is optimal for 4 main reasons: (1) it can enhance traditional learning; (2) it can train future physicians to improve their diagnostic and procedural skills; (3) it can promote coordinated and efficient patient care; and (4) it can serve as a template for advanced, specialty-specific, or interdisciplinary ultrasound training in graduate medical education and continuing medical education.
Ultrasound education has been incorporated traditionally into anatomy, physiology, and physical examination courses. Several studies have shown an increase in knowledge 24, 25 as well as student satisfaction 26 in anatomy courses that integrate ultrasound. [27] [28] [29] [30] [31] [32] [33] [34] [35] The same advantage is seen in physical diagnosis courses using ultrasound, with medical students reporting enhanced confidence. 36 In fact, several studies show that medical students and junior trainees using ultrasound are able to more reliably diagnose diseases than cardiologists 37 and surgeons. 38 A recent edi-torial on the "UCI 30" advocates for ultrasound education in conjunction with physical diagnosis training by highlighting the advantages of clinical ultrasound in diagnosis. 39 Training medical students in ultrasound can improve communication between specialties and lead to more efficient patient care. Classic examples are the focused assessment with sonography for trauma and rapid ultrasound for shock and hypotension examinations in quickly determining the need for surgical intervention in trauma 40 and shock etiology. 41 The surgeon, intensivist, and emergency physician often share decision making during the resuscitation, but this shared management relies on each other's ability to acquire and interpret the necessary views. Multiple clinical situations exist in which clinical ultrasound can reduce additional imaging studies if both the generalist and specialist are proficient in ultrasound, including evaluation of acute cholecystitis and nephrolithiasis. 10 In addition, the development of core ultrasound competencies during medical school allows for advanced training during residency, as well as collaborative training between specialties. Clinical ultrasound fellowships could be standardized via a common curriculum 42 and lead to training of core educators and researchers in clinical ultrasound.
Objectives
The main objective of this work is to highlight the development and implementation of ultrasound education in the California medical schools. We will discuss how regional collaboration among ultrasound educators can both promote senior medical school leadership support and student involvement. We will focus on key topics and discuss barriers encountered, as well as strategies for success and lessons learned.
Methods
Starting in June 2012, a working group of emergency ultrasound faculty at the California medical schools began to meet to discuss barriers as well as innovative approaches to implementing ultrasound education in undergraduate medical education. Schools represented included University of California Los Angeles, University of California Irvine, University of California Davis, University of California San Francisco, University of California San Diego, University of Southern California, Stanford University, Loma Linda University, and Touro University. The various institutions differ in the level of integration of ultrasound education, academic structure, student body size, faculty and equipment support, and areas of concentration for ultrasound education. It became clear that an ongoing collaborative could be formed to discuss barriers, exchange ideas, and lend support for this initiative.
An initial Web-based survey to elicit the characteristics of the ultrasound curriculum for each institution was disseminated. The 38 questions asked about the size and composition of the ultrasound faculty involved, the level of medical school and departmental support, ultrasoundbased curricular activities in place, as well as barriers encountered (Appendix 1).
The group, termed Ultrasound in Medical Education, California (UMeCali), convened to discuss these responses. The 2 main goals of UMeCali are as follows: (1) to exchange ideas and resources in facilitating ultrasound education; and (2) to develop a white paper to discuss our experiences. Regarding the first goal, engagement with social media, through a website and a Facebook group page, began to allow for open dissemination of ideas and events, as well as equipment and instructor sharing. This process facilitated collaboration among institutions, as detailed later in this article. Development of a white paper underwent multiple rounds of discussion over a 3-year period as successes and further barriers were encountered (Figures 1 and 2 ). Based on these experiences, topical themes emerged from the discussion and are detailed below.
Theme 1: Initiating a Program
Since the group's inception, one of the primary topics discussed dealt with starting a program that was sustainable. Universally, this topic was a difficult theme, as it was broad, encompassing all components of a program. Additionally, no two schools had the same administrative infrastructure or curricular design.
In the face of heterogeneity, several common themes arose through group discussion. Four key steps were identified as critical to successfully establishing an ultrasound presence at all UMeCali institutions: (1) identification of a champion; (2) a top-down administrative approach; (3) a bottom-up student-focused grassroots initiative; and (4) broad faculty collaboration.
Identifying Ultrasound Champions
Introducing a new area of study and teaching tool into a medical school curriculum is time and resource intensive, requiring firm accountability. At least 1 or 2 clinicians with a broad background in various clinical applications of ultrasound are needed to champion the program. The position requires strong leadership skills and the ability to find common ground within a diverse group of educators.
Champions must appreciate institutional processes and develop a realistic stepwise curriculum given administrative, personnel, and resource barriers. One of the initial primary tasks of the champion is to identify stakeholders at all levels who are involved in curriculum development, vetting, and implementation. This process varies from institution to institution, and this power may lie in the dean's office, within a curriculum committee, or at the level of the course director. Gaining the collective trust and support of these groups will help with downstream conversations.
Other tasks include but are not limited to advocacy within the administration, nurturing student interest, development of a core group of instructors, and collaborating with course and clerkship directors. Champions must also develop ultrasound education curricula, evaluation methods, workshops, online resources complementary to the school's curriculum and vision, as well as ongoing feedback and improvement. Some ultrasound champions may have reductions in clinical obligations, but all must understand that the task of initiating ultrasound education typically requires a heavy burden of unsupported time for at least several years. Many online resources are available to new ultrasound champions, including the AIUM's Ultrasound in Medical Education portal. This resource provides new ultrasound curricular developers with building blocks, pointers, presentations, and connections to fellow curriculum developers. 43 In addition, the Mentors Program tab within the website allows expert consultation through the AIUM via e-mail or phone and also serves as a regional database of individuals who may be available to help teach.
Top-Down Administrative Approach
All UMeCali institutions advocate a parallel top-down administrative and bottom-up student-focused approach. Engaging the medical school administration including the dean's office early in the process is essential for several reasons. Through the dean's office, champions may participate in discussion and enlist support from relevant committees, key faculty, and administrative staff. Also, the dean's office oversees all medical school operations, and its guidance can help streamline the proposal process at the course level. However, enlisting administrative advocates can initially be challenging and may require several meetings, presentations, demonstrations, and a multidisciplinary effort.
Often a brief written proposal about the background of point-of-care ultrasound, target educational metrics, and plans for implementation can be developed for key stakeholders. Champions spearheading this proposal should address both potential barriers (eg, equipment, space, and faculty involvement/instruction) and key evidence-based strategies to address these issues. A needs assessment can be conducted for both faculty and medical students with regard to the curriculum. Timelines should be included for stepwise integration of ultrasound education into the curricula. This proposal can offer tiered levels of integration, with the basic level involving occasional ultrasound labs for junior medical students and the highest level involving all 4 years of integration with supervised ultrasound education during clerkships and development of individualized learning portfolios that can be applied toward graduation milestones and competencies. Each tier of integration should include equipment costs, facility time, and faculty hours needed for implementation (Table 1) .
Our group had the most success discussing integration with both a formal, written proposal and hands-on demonstration of the capabilities of modern bedside ultrasound units. Several institutions included the idea of a singlecourse pilot, usually anatomy, to demonstrate the proof of concept before expansion. If allowed the opportunity, demonstrating ultrasound use on a live participant can have a substantial impact. Ideally, this demonstration is performed by one of the institution's medical students and can "bring to life" an abstract concept while demonstrating both basic science and clinical correlates.
Bottom-Up Student-Initiated Approach
The UMeCali institutions have found students and trainees to be vital components of the formulation and implementation process. These next-generation physicians have an intimate connection with technology and, combined with a first-hand account of the curriculum, are important stakeholders and offer valuable perspectives. They provide the frequent feedback to the faculty and dean's office on curricular content, as well as an unbridled "blue sky" view of point-of-care ultrasound use in a variety of specialties. Engaging students and trainees through lectures, pilot workshops, and clinical ultrasound electives is critical. In addition, providing mentorship for ultrasound student interest groups and key resources for advanced learners facilitates the development of a sustainable mechanism for ultrasound education advocacy and peer instruction.
Most UMeCali institutions have found ultrasound student interest group events and fourth year electives to be very popular with students and quicker routes to introducing students to the utility of ultrasound. Compiled event surveys can be important components of the written proposal and during discussions with administration and course directors. Additionally, students who are interested in leadership positions frequently self-identify and are strong student ambassadors to the dean's office.
Broad Faculty Support and Development
The fourth fundamental component to successful initiation is broad departmental support and participation. One of the major perceived barriers to ultrasound integration is the lack of faculty instructors. Ultrasound integration is heavily hands-on, often requiring several instructors to efficiently guide machine operation and case-based small group discussion. No one specialty is able to cover all areas of the body, nor does a single instructor have the ability to teach and manage all aspects of ultrasound integration. For these reasons, it is critical to success that the initiative involves forming strong communities of practice.
The use of communities of practice is a social learning theory developed by Lave and Wenger 44 and was first applied to teaching ultrasound within medical curricula by Bahner and Royall. 45 Communities of practice are "groups of people with a concern or passion for something they do and learn how to do it better as they interact." There is strong consensus within the UMeCali group that the any ultrasound curriculum benefits from several perspectives, which can be obtained by involving faculty from multiple disciplines. Involving faculty from multiple specialties also garners investment from students with varied interests. Additionally, early exposure to a diversity of physicians can spark new interests, clinical shadowing, and student research opportunities.
Theme 2: Medical Student Involvement
Medical student involvement not only enhances senior leadership and faculty support but also provides feedback to ultrasound champions on curricular development. Medical students can help identify and recruit faculty champions, as well as enhance extracurricular ultrasound educational activities such as in regional symposia and community outreach programs. In addition, trained students can function as peer instructors, a vital part of the ultrasound curriculum, with benefits for both the learner and instructor. Students have a better grasp of the level of instruction appropriate for their peers, and learners may be more comfortable in training sessions, leading to earlier identification of learning errors. In addition, instructors benefit by developing teaching skills, which solidify their understanding of ultrasound as well as preparing them to teach in residency and beyond. 46 One major disadvantage of peer instruction is the recurrent training cycle involved due to graduation of medical students and residents. However, interest can be sustained by ultrasound student interest group members, who can liaise with instructional ultrasound faculty to develop periodic training labs. These events can be planned with other student interest groups and involve peer-to-peer teaching, without a heavy burden on faculty time.
A typical ultrasound student interest group activity may include a brief lecture on an ultrasound application by faculty, followed by a hands-on workshop to practice the application. See Appendix 2 for example topics in ultrasound education. Image acquisition, interpretation, including relevant anatomy, and physiologic concepts are reviewed. Peer instruction allows for smaller trainee-toinstructor ratios, allowing for more hands-on experience.
In addition, ultrasound student interest group members can often propose innovative projects to faculty. For example, interest group-led community projects at the UMeCali institutions have included hypertrophic cardiomyopathy screening at local high schools, abdominal aortic aneurysm screening at health fairs, and education of high school teenagers on the career options in medicine and ultrasound. Another example is UltraFest, the first medical student-driven ultrasound symposium, held in 2012, which taught more than 200 medical students in a single day. That ultrasound student interest group has helped advise interest groups from other institutions to host similar symposia, which is also an excellent way to identify faculty from multiple specialties who are interested in teaching point-of care ultrasound. Specialties frequently willing to teach include general internal medicine, cardiology, critical care, surgery, obstetrics and gynecology, emergency medicine, anesthesiology, family medicine, urology, and radiology (Table 2 ).
Theme 3: Preclinical Experience
The preclinical (years 1 and 2) ultrasound experience for students should focus on image acquisition of normal anatomy and physiology, as well as recognition of basic ultrasound pathology. Image acquisition and recognition of normal ultrasound anatomy is most commonly taught by organ system. This process can be implemented concurrently in the anatomy or physical examination curriculum. These two blocks lend themselves well to ultrasound implementation, since they are usually taught by organ system. Furthermore, modeling the ultrasound curriculum to complement preexisting curricula can facilitate ultrasound integration for the medical school's administration. Ultrasound pathology can be introduced concurrently with image acquisition or can be taught independently. Regardless, identification of pathologic conditions with ultrasound should begin in year 2 of medical education. The optimal method is to demonstrate pathologic conditions in live patients in a clinical or standardized setting. Logistically, ensuring access to patients with desired pathologic conditions in a clinical setting is often very difficult. Although some standardized patients may volunteer their time, enlisting standardized patients is often costly. Other venues include using online resources (websites, podcasts, e-books, and smartphone applications). There are also many ultrasound simulation devices and phantoms that allow students to see pathologic images using 3-dimensional rendering or actual recorded pathologic patient images. Early clinical opportunities can also be offered in the preclinical setting by shadowing providers. The emergency department may be a good initial setting for junior students to shadow clinicians in the form of "bedside ultrasound rounds," since it offers a broad array of patients with undifferentiated presentations and multiple conditions.
Theme 4: Integrating Clinical Reasoning and Longitudinal Development
Incorporating ultrasound education during the clinical years of medical school is more logistically difficult. There may be multiple clinical sites with variable availability of ultrasound equipment, as well as inconsistent faculty interest and knowledge of clinical ultrasound. As a result, students who benefit from ultrasound education during their first 2 years potentially lose their skills as a result of a lack of dedicated ultrasound activities during their clerkships. It is fundamental that ultrasound is taught during the clerkships, and many schools have developed novel strategies to address this problem.
Highlighted below are recommended strategies for incorporating ultrasound education in the clinical years of undergraduate medical education (Table 3) .
Pre-Senior Year Course
A concise workshop and refresher lecture, with primarily online didactics to be studied before the workshop, will focus on an abbreviated ultrasound protocol to identify the etiology of shock, cardiac arrest, and ultrasound-guided intravenous line placement. This workshop could be integrated into the pre-third or fourth year orientation.
Clerkships and Interest Groups
Using the communities of practice concept, interested faculty could be identified from various specialties and Dean's office-supervised mentoring groups (eg, an acute care college). Students from the ultrasound student inter- est group and other selected interest groups and residents may help identify these colleagues. Interested students, residents, and faculty can participate in a longitudinal trainthe-trainer course, which will prepare them to teach clinical ultrasound within their clerkships and specialty interest groups. Although there is intense investment during this training period, this process can lead to sustainable capacity within the various specialties to teach ultrasound. These champions will be responsible for developing specialtyspecific ultrasound education. In addition, they may lead periodic "ultrasound rounds," which enhance bedside learning for the clinical team by identifying patients' conditions on ultrasound imaging. In terms of clerkship selection, initially these should be hospital based to ensure adequate pathologic conditions as well as efficient distribution of machines and trainers. Medicine, surgery, and obstetrics and gynecology clerkships for medical student year 3 as well as emergency medicine and critical care electives for medical student year 4 are ideal for implementation of ultrasound education. Later clerkships and rotations may be integrated depending on interest and capacity.
Flipped Classroom, Social Media, and Digital Education
The concept of "flipping the classroom" involves directing learners to view lecture-based content before the training session to promote discussion. 47 This process is beneficial for faculty, as it reduces the time commitment devoted to lecturing and instead allows for more active teaching styles. The school's information technology resources can be used to create an online curriculum consisting of faculty lectures, textbook chapters, simulated cases, and journal articles. Multiple tracks can be developed for various trainee levels. Training sessions or labs can be devoted to hands-on instruction of image acquisition as well as discussion of simulated cases.
To ensure retention of knowledge, multiple commercial products exist that deliver quick content and evaluation to learners. These products reinforce learning via perceptual adaptive learning module (eg, PALM), as well as a spaced education concept (Qstream, Burlington, MA). 48, 49 Results can be tracked on an individual basis by subject area, and deficient areas can be automatically delivered on a more frequent basis until mastery and retention are achieved.
Intern Boot Camp
Intern boot camp will be a final point of ultrasound education and assessment before graduation. Students will review common applications for ultrasound, such as for procedures (eg, central line, paracentesis, peripheral intravenous line, and lumbar puncture) and for resuscitation in trauma (focused assessment with sonography for trauma) and medical and perioperative (rapid ultrasound for shock and hypotension) patients. In addition, students may be assessed on these components by using simulated cases, as well as direct observation for image acquisition. Each area is specifically addressed in developing competency. However, the end product, whether the learner is able to perform the task, is not explicitly assessed. Proficiency models differ by addressing the end result, whether trainees are able to perform the application. Although there are distinct differences, for the purposes of this section, both terms will be used interchangeably unless otherwise specified. Proficiency for clinical ultrasound can be assessed generally or for particular ultrasound applications. The scope and level of proficiency can be tailored for the institution's current goals and resources. For example, one institution may decide that graduating students should be able to perform limited ultrasound applications with minimal supervision, whereas another may decide that all graduating students should be able to perform an expanded set of applications independently. For each application, milestones can be developed according to the training level, 12 or individual entrustable professional activities can be developed (Table 4 ). 50 Alternatively, a limited number of ultrasound skills may be required for all graduating medical students, to be integrated with Association of American Medical Colleges core entrustable professional activities 10 and 12, pertaining to recognition and initial evaluation of patients requiring emergency or urgent care and general medical procedures, respectively. 51 Currently, per AIUM and American College of Emergency Physicians guidelines, all scans used for patient care should be archived (typically on a network server) and reviewed by ultrasound faculty. In addition to knowledge assessment, a portfolio of 150 to 250 total scans is needed to achieve a certificate of proficiency in bedside ultrasound at the completion of the residency, with at least 25 each in core applications such as focused assessment with sonography for trauma and echocardiography. If resources permit, this approach can be adopted for medical students scanning on clinical rotations. Alternatively, objective structured clinical examinations involving ultrasound may be developed for evaluation. Trainees needing remediation are given feedback and reassessment until they perform the necessary applications independently. 52 To scale up this system for medical students, considerable coordination and informational technology support must be invested at the major teaching hospitals affiliated with the institution. They must share the same archiving system (eg, Qpath; Telexy, Everett, WA) and allow for access to instructional ultrasound faculty to review images remotely. Commensurate shared protected time is needed to ensure that ultrasound faculty members are able to review scans and remediate deficiencies for large medical student classes.
Through this process, students are able to perform ultrasound examinations during clinical training with supervision while ensuring patient safety, as potentially missed abnormal scans can be identified and acted on by ultrasound faculty. Students who meet the requirements under the portfolio system may be given a certificate of clinical ultrasound competency or awarded individual entrustable professional activities. 51 based on topics in Appendix 2. 
Conclusions

